Introduction
In recent years, for reducing the development cost, importance of a computer aided design (CAD) of electric machineries is being increasing. Utilization of a magnetic circuit analysis is one of the practical solutions because of simple modeling and ease of coupled analysis. Furthermore, a general purpose circuit simulator like "SPICE" can be utilized as a solver. However, in the case of the machineries with a complicated flux distribution such as an orthogonal-core or an SR motor, it is hard to express in a simple magnetic circuit model. A more detailed model, that is a reluctance network analysis (RNA) model, is needed. In this paper, we present some applications of the RNA to operation analysis of an orthogonal-core, a switched reluctance (SR) motor, and a permanent magnet (PM) generator. The availability of the RNA is proved by comparing with experimental results.
Operation Analysis for an SR Motor
Figure 1(a) shows the proposed RNA model of a 6/4-pole SR motor. In this model, reluctances in the motor iron are determined by dimensions and nonlinear B-H curve of core material. Fig. 1(b) shows a magnetic circuit around a stator and rotor poles when the rotor is placed in a partial-overlapping position. To allow consideration of complicated flux flow at pole-tips, the magnetic circuit is divided into three branches as shown in the figure. The reluctances surrounded by the broken line vary periodically with the rotor position. Figure 2 shows the electromagnetic and motion coupled model for the SR motor. The proposed coupled model consists of three different blocks, which are "Motor drive circuit," "RNA model of SRM," and "Motion calculation circuits." In the coupled model, when the rotor angle θ is given, the gate drive circuit generates gate signals of the motor drive circuit, and the exciting current i is calculated. The exciting current gives the MMF source Ni, and then the flux φ in the RNA model is calculated. The induced voltage e' is obtained from the flux based on Faraday's law. The motor torque τ is calculated based on magnetic energy W FM . When the load torque τ L is given, the rotational speed n is obtained from the motion equation. An integral of the rotational speed gives the rotor angle θ. All the above calculations are performed on SPICE. Figure 3 shows the torque versus rotational speed characteristics. In the figure, the lines are calculated values and the symbols are measured ones. From the figure, it reveals that the calculated values agree well with the measured ones. In this paper, we describe the basis of a magnetic circuit method and introduce a reluctance network analysis (RNA) proposed by authors. The RNA, which is based on the magnetic circuit method, has some suitable merits for simulating electrical machineries such as a simple analytical model, ease of coupled analysis with electrical circuits, motion, and thermal fields. In addition to these merits, a general-purpose circuit simulator like "SPICE" can be utilized as a solver. We present some applications of the RNA to operation analysis for an orthogonal-core, a switched reluctance motor, and a permanent magnet generator. 
